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Influence of leaf litters of selected nitrogen fixing Albizia trees 
on the growth of African star apple (Chrysophyllum albidum G. 
Don) seedlings
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ABSTRACT

The shortage of prepared facts on the growth response of Chrysophyllum albidum to plant located basic fertilizer has restricted its propagation. In 
an attempt to advance the slow progress of C. albidum seedlings, trial was conducted to evaluate the effect of leaf litters of some nitrogen fixing 
Albizia trees on its growth. The experiment selected a completely randomized design with six treatments copied 5 times. A total of 30 seedlings 
were included in the experiment. One-year-old C. albidum seedlings were attentively transplanted into polythene pots with and without 300 g 
of leaf litters of nitrogen repairing Albizia trees and exposed to one-way analysis of variance. The treatments included leaf litters of adopted 
nitrogen fixing Albizia trees (Albizia zygia, Albizia coriaria, Albizia ferruginea, Albizia lebbeck, and Albizia saman) and check on the growth 
of C. albidum. The leaf litters of adopted nitrogen fixing Albizia trees considerably (P < 0.05) improved the growth of C. albidum. Significant 
height (32.88 cm), girth (1.75 cm), number of leaves (12.80), leaf area (84.45 m2), total fresh weight (21.59 g), and total dry weight (9.00 g) 
were reported from seedlings transplanted into the soil advanced with leaf litters of A. coriaria., while least growth criterion was written from 
untreated. Planting of C. albidum seedlings in the soil enhanced with leaf litters of A. coriaria embellishes its growth.
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INTRODUCTION

The forest resources responsible for 80% means of living 
for poor people in the country[1,2] stated the tropical forests 
contribute to biodiversity conservation, carbon storage, and 
climate regulation. In spite of that, about 1.1 million km2 of 
tropical forest has been lost between year 2000 and 2012. 
Hansen et al.,[3] and FAO[4] established that the natural forest 
area has diminished by a net 6.5 million ha per year from 
2010 to 2015. On-going tropical deforestation endangers 
world biodiversity and ecosystem services considerably[2] and 
global climate change is largely modified species distribution, 
composition, and forest structure.[5] The forest alteration through 
deforestation has considerably damaged the spread of the 
species as African star apple or White star apple, Chrysophyllum 
albidum that is important for continuity of present generation. 
Charity et al.[6] established that rapid increase in population 
growth, urbanization and agricultural activities in most tropical 

countries has led to the vanishing of most tree species, including 
C. albidum. C. albidum is a native economic tree species 
which is synonymous to Gambeya albida.[7-10] C. albidum is 
a climax tree variety of tropical rainforest that belongs to the 
classification Sapotaceae[11,12] which has up to 800 species and 
comprise nearly half of the order.[13]

The Yoruba name is “Osan Agbalumo” while in Igbo and Hausa 
sounds, it is named “Udara” or “Udala” and Agwaluma or 
Agwaluba sequencially.[12,14,15] The world agroforestry centre 
(ICRAF) has mentioned C. albidum as one of the greatest five 
priority tree species for domestication in the African humid 
tropics. Tchounjeu et al.[16] and ICRAF[17] reported that these 
fleshy and juicy fruits, which commonly bitten, are potential 
beginning of a carbonated beverage or soft drink. The various 
parts of the trees are alternative source of cure for situation 
of fibroids and female infertility.[18] Intake of C. albidum fruit 
helps in people’s losing weight and treatment of mouth gum 
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disease, toothache and sore throat. Adaobi[19] and Agustin[20] 
established that the post birth diagnosed for diabetic disease 
for pregnant women can be arrested by eating C. albidum 
fruits because it contains compounds that are hypo glycemic 
that serves to lower blood sugar levels.

In spite of tremendous potentials of C. albidum, it has been 
greatly, considerably ignored particularly with respect to its 
regeneration[21-24] noticed that the propagation of fruits trees is 
abandoned, on account of incompetent news on their growth 
and lack of attempt to domesticate them, that as a consequence, 
influenced to their being imperiled endangered. Domestication 
and cultivation of C. albidum demand information on its seed 
biology and forest management of the seedling of the tree. 
C. albidum is a slow growing tree that that needs expected 
fertilized for fast growth to meet population demand of its 
enormous benefits.[25]

Fertilizer will supply elements which are essential for plant 
growth that absent or insufficient in the soil. Munroe and Isaac[26] 
established that many tropical areas lack soil nitrogen (N), an 
essential nutrient for plant growth and the production of food. 
Insufficient supply or loss of these elements in the soil leads 
to soil degeneration. Soil degradation in sub-Saharan Africa 
causes low productivity which consequently amount to hunger 
and poverty. Sanchez,[27] Sanchez and Swaminathan,[28] Cissé 
et al.[29] specifically reported that the loss of soil carbon (C), 
nitrogen (N) and phosphorus (P) threaten soil productivity, and 
leads to untenable land use in the long-term. Trees help to sustain 
land use in the tropics. Trees within agricultural landscapes, or 
agroforestry systems, have been established to reduce erosion, 
increase biodiversity, and restore and sustain soil fertility.[30-34]

Many studies have emphasized the duty of local plants as 
cheap fertilizers and suggested choice to synthetic fertilizers. 
Palm et al.,[35] Leblanc et al.,[36] Kaizzi et al.,[37] Abebe et al.,[38] 
Chen[39] established that monetary N inorganic fertilizers are 
high-priced, with small quantity of its nutrient reaching the 
plant, which eventually hinders nutrient availability and causes 
water adulteration. Chemical fertilizers contain high nutrients 
which are readily available to be taken up by plants. However, 
excessive use of synthetic fertilizers causes challenges as 
nutrient loss, surface water and groundwater adulteration, soil 
acidification or basification, reductions in valuable microbial 
communities, and increased sensitivity to harmful insects.[39]

Dinitrogen (N2)-fixing trees are a hopeful substitute to 
reliably fertilize crops through nitrogen fixation and promise 
environmental preservation. Munroe and Isaac[26] established 
that great N2-fixation rates, upward of 92%, have been studied in 
some N2-fixing trees, using the 15N natural abundance method. 
Dinitrogen-fixing trees can replace nitrogen (N) lost in harvest, 
own the singular strength to authenticate in N-imperfect 
soils, and support as of still not completely earned benefits 

to environment duties.[26,33,40-42] Some nitrogen fixing trees are 
legumes. Chazdon[43] established that nitrogen fixing legumes 
are swiftly-growing tree species, which can increase organic 
matter in the soil, prevent erosion, and embellish nutrient 
cycling. The most well-known N2-fixing trees used in tropical 
agroforestry systems comprise the legumes Acacia spp., 
Erythrina spp., Gliricidia spp., Inga spp., and Leucaena spp., 
which form cooperative friendships with a broad variety of N2-
fixing bacterial species Bala et al.,[44] Sileshi et al.[45] established 
that agroforestry practices as alley cropping, improved fallows, 
cereal-tree legume inter cropping, relay cropping, biomass 
transfer, fodder banks, multistrata agroforestry, parklands, and 
silvopastoral systems take advantage of biological nitrogen 
fixation from fertilizer trees for the supply of N and organic 
matter to annual and perennial crops. Nitrogen fixing trees 
are fertilizer trees. Among the established fertilizer trees are 
Acacia (Acacia spp.), Albizia (Albizia spp.), Alder (Alnus spp.), 
Calliandra (C. calothyrsus), Casuarina (C. equisetifolia), 
Erythrina (Erythrina spp.), Faidherbia (F. albida), Flemingia 
(Flemingia spp.), Gliricidia (G. sepium), Inga (I. edulis), 
Leucaena (Leucaena spp.), Sesbania (Sesbania spp.), Tagasaste 
(Chamaecytisus palmensis) and Tephrosia (Tephrosia spp.). 
Winrock International,[46] WAC[47] further presented inclusive 
lists of nitrogen-fixing trees where most of Albizias were 
noticed. Some Albizias are nitrogen-fixers and soil-enhancers. 
Nygren et al.[42] reported that the potential for N2-fixing trees to 
embellish fertility within perennial-crop agroforestry systems 
is clear. Litter improves soil status through adding the organic 
matter and nutrients to the soil. Ngoran et al.,[48] Mahmood 
and Hoque,[49] Triadiati et al.,[50] Hossain et al.,[51] Park and 
Kang-Hyun[52] reported that the leaf litter is the main and fastest 
source of organic matter and nutrient to the soil relative to other 
litter types. The added nutrients by leaf litters of trees maintain 
soil fertility which is important in agroforestry practices. 
Hasanuzzaman and Mahmood,[53] Gaisie et al.[54] established 
that use of leaf biomass is productive wealth of reconstructing 
soil productivity based on reports from investigations from 
tropics. In spite of this, the amount of nutrient addition to 
a particular ecosystem was reported to change with the 
species[55,56] and other climatic conditions[53,55,57,58] noticed that 
the appropriate tree species selection established on nutrient 
cycling is an important issue in agroforestry practice. Studies 
on appropriate tree species selection in agroforestry are 
paramount. The previous studies on C. albidum have been 
focused on the nutrient values,[59] socioeconomic importance,[60] 
isolation of normal and abnormal seedlings,[13] very restricted 
facts is feasible on the influence of leaf litters of nitrogen fixing 
Albizia on the growth of C. albidum seedlings. Researches have 
been investigated on the effect of leaf litters of selected nitrogen 
fixing Acacias (on crops and trees),[61,62] Albizias (on crops),[63] 
but remain undiscovered for Albizias (on trees as C. albidum). 
In this light, investigation was administered into influence of 
leaf litters of nitrogen fixing Albizia trees on the growth of 
C. albidum seedlings with a view to enhance its growth.
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MATERIALS AND METHODS

The research was investigated in the screen house of Federal 
College of Forestry Mechanization, Afaka, Kaduna State during 
wet season of 2015. The college is found in the Northern Guinea 
Savannah ecological zones of Nigeria. It is situated in Igabi Local 
Government Area of Kaduna State, Nigeria. It lies between 
Latitude 10°35’ and 10°34’ and Longitude 7°21’ and 7°20.’ 
[Figure 1][64] The mean annual rainfall is approximately 1000 mm. 
The vegetation is open woodland with tall broad leave trees.[65]

Experimental Procedure
The fruits were garnered from Osiele village in Odeda Local 
Government, Ogun State and transported to Kaduna State. 
The seeds were taken out from fruits and air dried for 30 min. 
Three hundred seeds were extracted from fruits. The viability 
of the randomly selected seed samples were determined using 
cutting method.[66] The sowing media (river sand), which was 
collected from the floor of college dam was made to pass 
through 2 mm sieve and then sanitized at 160°C for 24 h. The 
polythene pots used was 20 × 10 × 10 cm3 in dimension and 
filled with the sterilized river sand and arranged in the screen 
house. After a year of germination of seeds, uniform seedlings 
were available for growth experiment.

The experimental design selected for investigation on the 
effect of leaf litters of selected nitrogen fixing Albizia trees 
(Albizia zygia, Albizia coriaria, Albizia ferruginea, Albizia 
lebbeck, and Albizia saman) on the growth of C. albidum 
was a completely randomized design accompanying five 
replicates. The choice of picked Albizias was established 
on the former reports[63] who established that leaf litters of 
nitrogen fixing Albizia trees considerably improved the growth 
and yield of Zingiber officinale and the same picked Albizias 
was examined for C. albidum. One-year-old seedlings were 
painstakingly transplanted into a potting mixture packed in 
larger poly pots of 25 × 20 × 15 cm3 dimensions. The potting 
mixture contained samples of disinfected sand thoroughly 
mixed with each leaves of nitrogen fixing Albizia trees at 
same quantity of 300 g.

Each sample of grinded leaves of nitrogen fixing trees was 
examined chemically for nitrogen, phosphorus and potassium 
(NPK). The sand without the addition of leaf litters was 
inspected for nutrient content under untreated soil (control). 
The 200 mL of purified water per seedling was used to water 
the seedlings twice daily. Growth criterions were observed 
every month for 6 months. Growth specifications evaluated 
include seedling height (utilizing meter rule); girth (utilizing 
vernier caliper); the number of leaves that were computed 
manually and leaf area was acquired by linear measurement 
of leaf length and leaf width as depicted by.[67]

LA=0.74 × L × W (1)

Where, LA = Leaf area = Product of linear dimension of the 
length and width at the broadest part of the leaf.

The fresh and dry weight were fixed by the use of Mettler Top 
Loading Weighing Balance, but dry weight was gotten after 
oven dried the seedlings at 70°C for 72 h.[68]

Chemical Analysis of Leaf litters Applied
The samples of leaf litters air drained for 2 weeks were 
evaluated chemically for nitrogen, phosphorus, and potassium 
(NPK) content at Federal University of Agriculture Abeokuta, 
Ogun State, Nigeria laboratory. Determination of total nitrogen 
was accomplished by Macro Kjeldahl method. Available 
phosphorus (P) was gleaned by Bray-1 method and fixed 
calorimetrically. Extracts from the digestion of leaf litters were 
used to decide potassium by flame photometry.

Data Analysis
The data on the effect of leaf litters of adopted nitrogen 
fixing Albizia trees on the growth of C. albidum seedlings 
were submitted to one-way analysis of variance utilizing.[69] 
Comparison of significant means was accomplished utilizing 
Fisher’s least significant difference at 5% level of significance.

RESULTS

A significant height of 32.88 cm was recorded from seedlings 
cultivated in the soil enhanced with leaf litters of A. coriaria 
at 24 weeks after transplanting (WAT). The least value of 
15.05 cm was recorded from seedlings not influenced with 
leaf litters of nitrogen fixing Albizia trees (control) at 4 WAT 
[Table 1].

Table 1: Influence of leaf litters of selected nitrogen 
fixing Albizia trees on the height (cm) of Chrysophyllum 
albidum seedlings
NFAT WAT

4 8 12 16 20 24
Albizia 
lebbeck

19.12a 20.00a 21.54b 21.60b 23.08b 32.38a

Albizia 
zygia

19.68a 20.54a 25.74a 27.13a 28.05ab 29.48ab

Albizia 
coriaria

18.50ab 20.16a 24.18ab 27.12a 31.36a 32.88a

Albizia 
ferruginea

15.70b 17.90ab 18.76b 22.10b 28.10ab 32.78a

Albizia 
saman

18.46ab 20.02a 21.20b 22.20b 24.76b 27.00b

Control 15.05b 15.10b 15.31c 16.71c 17.78c 18.95c

SE± 1.38 1.26 1.32 1.42 1.40 1.45
*Means on the same column having different superscripts are significantly different 
(P<0.05). NFAT: Nitrogen fixing Albizia Trees, WAT: Weeks after transplanting
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A significant girth of 1.75 cm was recorded from seedlings 
influenced with leaf litters of A. coriaria at 24 WAT. The least 
value of 0.96 cm was written from seedlings not amended 
with leaf litters of nitrogen fixing Albizia trees (control) at 
4WAT [Table 2].

A significant number of leaves of 12.80 were recorded from 
seedlings planted in the soil amended with leaf litters of 
A. coriaria at 24 WAT. The least value of 6 was recorded for 
number of leaves of seedlings planted in the soil without the 
influence of leaf litters of nitrogen fixing Albizia trees (control) 
at 4–8 WAT [Table 3].

A significant leaf area of 85.45 cm2 was recorded from 
seedlings cultivated in the soil improved with leaf litters of 
A. coriaria at 24 WAT; while the least value of 10.09 cm2 was 
recorded from seedlings planted in unamended soil (control) 
at 4WAT [Table 4].

A significant total fresh weight of 21.59 g was recorded from 
seedlings cultivated in the soil influenced with leaf litters 
of A. coriaria. The least value of 6.19 g was recorded from 
seedlings planted in the soil without amendment of leaf litters 
of nitrogen fixing Albizia (control). A significant total dry 
weight of 9.00 g was written from seedlings planted in the 
soil enhanced with leaf litters of A. coriaria. The least value of 
1.53 g was recorded from seedlings cultivated in unamended 
soil (control) [Table 5].

Nutrient Composition of Leaf Litters of Selected 
Nitrogen Fixing Albizia Trees
Highest nitrogen (7.05%), phosphorus (0.213%), and potassium 
(0.573%) were written from leaf litters of A. ferruginea, 
A. coriaria, and A. lebbeck, respectively. The least values of 
nitrogen (0.05%), phosphorus (0.02%), and potassium (0.07%) 
were recorded from control treatment [Table 6].

DISCUSSION

The highest growth variables recorded from seedlings 
cultivated in the soil improved with leaf litters of A. coriaria 
were adduced to ability to release its rich nutrients. Similar 
observation has been recorded by[62] who documented highest 
growth parameters from Vitellaria paradoxa seedlings 
cultivated in the soil enhanced with Acacia leucophloea and 
connected the accomplishment of A. leucophloea to the release 
of its rich nutrient for plant growth.

The outstanding growth performance written from seedlings 
cultivated in the soil embellished accompanying A. coriaria 
could be traced to release of its highest phosphorus content 

Table 2: Influence of leaf litters of selected nitrogen 
fixing Albizia trees on the girth (cm) of Chrysophyllum 
albidum seedlings
NFAT WAT

4 8 12 16 20 24
Albizia lebbeck 1.06a 1.12a 1.16ab 1.30a 1.34b 1.60b

Albizia zygia 1.00a 1.00a 1.10b 1.10a 1.66a 1.72ab

Albizia coriaria 1.00a 1.12a 1.21a 1.26a 1.58ab 1.75a

Albizia ferruginea 1.00a 1.08a 1.08b 1.12a 1.52ab 1.58bc

Albizia saman 1.04a 1.04a 1.14ab 1.20a 1.46b 1.48c

Control 0.96a 1.06a 1.08b 1.08a 1.10c 1.15d

SE± 0.13 0.11 0.04 0.70 0.07 0.05
*Means on the same column having different superscripts are significantly different 
(P<0.05) NFAT: Nitrogen fixing Albizia trees, WAT: Weeks after transplanting

Table 3: Influence of leaf litters of selected nitrogen 
fixing Albizia trees on the number of leaves of 
Chrysophyllum albidum seedlings
NFAT WAT

4 8 12 16 20 24
Albizia 
lebbeck

6.20b 6.20b 7.60b 8.15b 9.20b 10.25b

Albizia zygia 7.80a 8.00a 8.60b 9.20b 11.60a 12.40a

Albizia 
coriaria

6.20b 7.40ab 9.00ab 10.00ab 11.00a 12.80a

Albizia 
ferruginea

7.60ab 8.20a 9.80ab 11.00a 11.20a 12.00a

Albizia saman 6.20b 8.00a 10.40a 10.80ab 11.60a 12.00a

Control 6.00b 6.00b 7.40b 7.80b 8.00b 8.60b

SE± 0.62 0.58 0.62 0.66 0.72 0.71
*Means on the same column having different superscripts are significantly different 
(P<0.05). NFAT: Nitrogen fixing Albizia trees, WAT: Weeks after transplanting

Table 4: Influence of leaf litters of selected nitrogen 
fixing Albizia trees on the leaf area (cm2) of 
Chrysophyllum albidum seedlings
NFAT WAT

4 8 12 16 20 24
Albizia 
lebbeck

11.42b 19.75b 20.14ab 21.73b 25.61b 49.95c

Albizia 
zygia

19.89a 22.36ab 23.72ab 38.97a 46.70ab 80.49ab

Albizia 
coriaria

17.72ab 20.31ab 21.64ab 27.56ab 48.30ab 85.45a

Albizia 
ferruginea

12.26b 19.38b 23.72ab 38.08a 54.47a 65.98b

Albizia 
saman

12.43b 27.32a 29.54a 31.04ab 35.05b 38.21cd

Control 10.09b 10.14c 19.06b 21.91b 24.75b 30.07d

SE± 2.35 3.03 4.11 4.73 5.62 6.54
*Means on the same column having different superscripts are significantly different 
(P<0.05). NFAT: Nitrogen fixing Albizia trees, WAT: Weeks after transplanting
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relative to other investigated species. Phosphorus improves 
seedling growth. This is in accordance with the report of[70] 
who established that the maximum rate of P (750 kg/ha) shown 
the highest Leucaena leucocephala height and stem diameter 
compared to the other rates during the 2 year period. The 

observations revealed that the Acacia auriculiformis seedling 
growth was embellished considerably accompanying the 
application of P fertilizer[71,72] decided that (100 kg/ha) dose 
of phosphorus was the best for getting maximum yield of 
Tagetes erecta at Tulsipur, Dang condition. The application 

Table 5: Influence of leaf litters of selected nitrogen fixing Albizia trees on the fresh and dry weight (g) of 
Chrysophyllum albidum seedlings
NFAT FW TFW DW TDW

L R S L R S
Albizia lebbeck 10.60a 2.90a 2.40ab 15.90ab 2.75b 1.30ab 1.20a 5.25ab

Albizia zygia 14.00a 2.70a 2.15ab 18.85a 5.45ab 1.20ab 1.05a 7.70a

Albizia coriaria 15.09a 3.55a 2.95a 21.59a 6.10a 1.50a 1.40a 9.00a

Albizia ferruginea 14.55a 2.25a 2.05ab 18.85a 5.85a 0.80ab 1.00a 7.65a

Albizia saman 12.00a 1.60b 1.00b 14.60ab 3.45ab 0.50b 0.70a 4.65ab

Control 4.00b 1.21b 0.98b 6.19b 0.55b 0.30b 0.68a 1.53b

SE± 2.68 0.70 0.66 4.04 1.14 0.36 0.34 1.84
Means on the same column having different superscripts are significantly different (P<0.05). NFAT: Nitrogen fixing Albizia trees, FW: Fresh weight, TFW: Total fresh weight, 
DW: Dry weight, TDW: Total dry weight, Rs: Rates, L: Leaf, S: Shoot, R: Root

Figure 1: The location of federal college of forestry mechanization, Afaka, Kaduna state, Nigeria
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of 464 kg/ha ammonium sulfate, and 300 kg/ha triple 
superphosphate improve initial height, diameter growth, and 
total plant weight of Tectona grandis seedlings[73-75] established 
that the increase in soil P level influence taller above ground 
biomass of Alnus nepalensis.

Phosphorus (P) is part of the nuclei acid structure of plants 
which is responsible for the regulation of protein synthesis[76] 
mentioned that phosphorus plays a main part in the growth 
of new tissue and division of cells. One of the benefits of 
phosphorus in plants is proper development of the roots and 
hastening of maturity. Tajer[76] reported that phosphorus is an 
important component of DNA which contains the genetic data 
of all living things. It is also a critical part of the RNA which 
reads the genetic code answerable for the building of protein 
and other compounds compulsory to form the structure of 
the hydroponics plants.[76] Phosphorus is also part of energy 
molecules such as the ATP and NADPH, which help in the 
development of carbon skeletons and, consequently, in plant 
growth.[77] Phosphorus is paramount for the ATP component. 
ATP is formed during photosynthesis and contains phosphorus 
as part of its structure. Tajer[76] mentioned that phosphorus is 
necessary for photosynthesis and also in the depository and 
movement of the nutrients all over the plant.

The substantial increase in plant growth and development 
is linked to the fact that phosphate fertilization advances 
the plant development, on account of its participation in 
distinct reactions in the plants photosynthetic metabolism, 
acting on their breathing, storage, energy transference, and 
cellular growth. Tajer[76] and Dias et al.[78] further reported 
that phosphorus assists plant to have resistance to diseases by 
developing their parts to grow quickly. Phosphorus restricts 
the plant growth. Lawrence[79] established that in addition to 
earlier studies, evidence for positive growth response and 
luxury consumption among light demanding species suggests 
that P, rather than N, should restrict seedling performance and 
may ultimately influence tree diversity in young secondary 
tropical forests.

Anyway, extremely high phosphorus level would restrict 
the photosynthesis, and even the growth of A. nepalensis 

seedlings.[80] On the other hand, the increased addition of 
phosphate fertilizer on Manilkara zapota[81] and Passiflora 
edulis[82] considerably raised their dry matter, shoot and total 
length.

The least growth limits written from seedlings cultivated in 
the soil without the amendments of leaf litters of nitrogen 
fixing Albizias could be tracked to its failure to supply 
seedlings adequate nutrients for growth compared to that of 
soil influenced with leaf litters of nitrogen fixing Albizias.

CONCLUSION

The current trend in agroforestry system is to search out for 
propagation of priority, economic indigenous trees species as 
C. albidum to meet the population demand of its potentials 
and encourage its biodiversity conservation in Africa as well 
as in the World. The use of inexpensive, approachable, and 
environmentally companionable plant located natural fertilizer 
to improve the growth of C. albidum is vital. Investigation 
carried out on the influence of leaf litters of nitrogen fixing 
Albizias on the growth of C. albidum disclosed that planting of 
C. albidum in the soil modified with leaf litters of A. coriaria 
embellishes its growth.

REFERENCES

1. Latiff A, Shinwari ZK, Begum S. Potentials and market status 
of mushrooms as non-timber forest production in Pakistan. 
Ethnobot Leaflets 2003;1:10.

2. Spracklen BD, Kalamandeen M, Galbaith D, Gloor E, 
Spracklen DV. A global analysis of deforestation in moist tropical 
forest protected areas. PLoS One 2015;10:e0143886.

3. Hansen MC, Potapov PV, Moore R, Hancher M, Turubanova SA, 
Tyukavina A, et al. High-resolution global maps of 21st century 
forest cover change. Science 2013;342:850-3.

4. FAO. Food and Agriculture Organization of the United Nations. 
Global forest Resources Assessment 2015. How are the World’s 
Forests Changing? Italy: FAO; 2016. Available from: http://www.
fao.org/3/ai4793e.pdf [Last accessed on 2023 Mar 30].

5. Deb JC, Phinn S, Butt N, McAlpine CA. Climate change impacts 
on tropical forests: Identifying risks for tropical Asia. J Trop 
Forest Sci 2018;30:182-94.

6. Charity F, Digigha AK, Alex A. Effect of Growth Media on the 
Germination and Early Seedling Performance of Chrysophyllum 
albidum G. Don. In: Adekunle VA, Ogunsanwo OY, Akinwole AO, 
editors. Harnessing the Uniqueness of forests for Sustainable 
Development in a Diversifying Economy. Proceedings of the 
39th Annual Conference of the Forestry Association of Nigeria 
held in Ibadan, Oyo State, 20th-24th February; 2017. p. 709-21.

7. Akaneme FI. Identification and preliminary phytochemical 
analysis of herbs that can arrest threatened miscarriage in Orba 
and Nsukka towns of Enugu State. Afr J Biotechnol 2008;7:6-11.

8. Maurice MI. Pharmacognostical Profile of Selected Medicinal 
Plants from: Handbook of African Medicinal Plants. United 
States: CRC Press; 2014. p. 257. Available from: https://www.

Table 6: Nutrient composition of leaf litters of selected 
nitrogen fixing Albizia trees
NFAT n% P% K%
Albizia ferruginea 7.05 0.200 0.510
Albizia zygia 6.85 0.161 0.473
Albizia coriaria 5.24 0.213 0.524
Albizia lebbeck 5.89 0.184 0.573
Albizia saman 6.60 0.170 0.451
Control 0.05 0.02 0.07



Adelani: Influence of leaf litters of selected nitrogen fixing Albizia trees

 Available at www.aujst.com 116

routledgehandbooks.com/doi/10.1201/b16292-4 [Last accessed 
on 2022 Jul 24].

9. Olayode OO, Otufale GO. Seedling emergence and growth of 
Chrysophyllum albidum G. Don (Syn. Gambeya albida) under 
different watering frequencies. Acad J Agric Res 2018;6:86-92.

10. The Plant List. A Plant List of all Plant Species. Available from: 
http://www.theplantlist.org/tpl/record/kew-87995 [Last accessed 
on 2022 Jul 24].

11. Olaoluwa TA, Muhammad NO, Oladiji AT. Biochemical 
assessment of the mineral and some antinutritional constituents 
of Aspergillus niger and fermented Chrysophyllum albidum seed 
meal. Afr J Food Sci 2012;6:20-8.

12. Wole O. Unlimited nutritional benefits of African star apple. Nat 
Health 2013;1:1-4.

13. Ehiagbonare JE, Onyibe HI, Okoegwale E. Studies on the 
isolation of normal and abnormal seedlings of Chrysophyllum 
albidum: A step towards sustainable management of the Taxon 
in the 21st Century. Sci Res Essay 2008;3:567-70.

14. Rahaman O. A review of medicinal value of Chrysophyllum 
albidum (African star apple). Afr Tradit Med 2012;1:1-3.

15. Adelani DO, Ogunsanwo JA, Awobona TA. Effect of seed 
weights on the germination and early seedling growth of African 
star apple (Chrysophyllum albidum G. Don). Niger Jo Forest 
2018;48:33-8.

16. Tchounjeu Z, Kengue J, Leakey RR. Domestication of Dacryodes 
edulis state-of-the-art. For Trees Livelihoods 2002;12:3-13.

17. ICRAF. Chrysophyllum albidum. Kenya: International Centre 
for Research in Agroforestry; 2007. p. 3.

18. Egunyomi A, Fasola TR, Oladunjoye O. Charring medicinal 
plants: A traditional method of preparing phyto medicines in 
South Western Nigeria. Ethnobotany Res Appl 2005;3:261-5.

19. Adaobi O. Five interesting health benefits of Agbalumo (African 
star apple). Pulse Nigeria 2019;1:1-5.

20. Agustin WI. 10 Best Health Benefits of African Star Apple during 
Pregnancy. Available from: https://www.dr.health.benefits.com 
[Last accessed on 2019 Dec 22].

21. Adelani DO, Suleiman RA, Akesode HA, Akande MT. Effect 
of Sources and Rates of Organic Fertilizer on the Growth of 
Chrysophyllum albidum Seedlings. Organic Agriculture Research: 
A Catalyst for Sustainable National Agricultural Transformation 
Agenda. In: Olabiyi TI, Bolarinwa IF, editors. Proceedings of the 
10th National Conference on Organic Agriculture held at Ladoke 
Akintola University of Technology, P.M.B 4000, Ogbomoso, 
Oyo State, Nigeria from 17th-20th November, 2014. Printed by 
A- Treasurer Digital Press LTD, Nigeria; 2014. p. 65-73.

22. Adelani DO, Aduradola MA, Maisamari IJ. Storability and 
Presowing Treatments of Chrysophyllum albidum Seeds: A Step 
Towards Biodiversity Conservation. In: Borokini IT, Babalola FD, 
editors. MDGs to SDGs Towards Sustainable Biodiversity 
Conservation in Nigeria. Proceedings of Joint Biodiversity 
Conservation Conference of Nigeria Tropical Biology Association 
(NTBA) and Nigeria Chapter of Society for Conservation Biology 
(NSCB) Conference; 2016. p. 80-6.

23. Adelani DO, Aduradola MA, Aiyelaagbe IO. Storability and 
pre-sowing treatments of African star apple (Chrysophyllum 
albidum G. Don) seeds. J Agric Sci Environ 2017;17:91-102.

24. Okunomo K, Ureigho UN, Opute HO. The effect of soil 
amendment on the performance of Gambaya albida (Linn) 
seedlings. Agric J 2006;1:262-5.

25. Adelani DO, Muhammed R. Effect of Organic Seed Pelleting and 
Storage Periods on the Early Seedling Growth of Chrysophyllum 
albidum Seedlings. In: Adekunle VA, Ogunsanwo OY, 
Akinwole AO, editors. Harnessing the Uniqueness of Forests 
for Sustainable Development in a Diversifying Economy. 
Proceedings of the 39th Annual Conference of the Forestry 
Association of Nigeria held in Ibadan, Oyo State between 20th-
24th February; 2017. p. 126-40.

26. Munroe JW, Isaac ME. N2-fixing trees and the transfer of fixed-N 
for sustainable agroforestry: A review. Agron Sustain Dev 
2014;34:417-27.

27. Sanchez PA. Soil fertility and hunger in Africa. Science 
2002;295:2019-20.

28. Sanchez PA, Swaminathan MS. Hunger in Africa: The 
link between unhealthy people and unhealthy soils. Lancet 
2005;365:442-4.

29. Cissé M, Traoré S, Bationo BA. Decomposition and Nutrient 
Release from the Mixed Leaf Litter of Three Agroforestry 
Species in the Sudanian Zone of West Africa. Vol. 3. Berlin: 
Springer Nature Applied Sciences; 2021. p. 273-85.

30. Schroth G, Lehmann J, Rodrigues MR, Barros E, Macêdo JL. 
Plant-soil interactions in multistrata agroforestry in the humid 
tropics. Agroforestry Syst 2001;53:85-102.

31. Schroth G, da Fonseca GA, Harvey CA, Gascon C, Vasconcelos HL, 
Izac AM. Agroforestry and Biodiversity Conservation in Tropical 
Landscapes. Washington, D.C: Island Press; 2004. p. 523.

32. Isaac ME, Timmer VR, Quashie-Sam SJ. Shade tree effects in 
an 8-year-old cocoa agroforestry system: Biomass and nutrient 
diagnosis of Theobroma cacao by vector analysis. Nutr Cycling 
Agroecosyst 2007;78:155-65.

33. Kurppa M, Leblanc HA, Nygren P. Detection of nitrogen transfer 
from N2-fixing shade trees to cacao saplings in15N labelled soil: 
Ecological and experimental considerations. Agroforestry Syst 
2010;80:223-39.

34. Isaac ME, Kimaro AA. Diagnosis of nutrient imbalances 
with vector analysis in agroforestry systems. J Environ Qual 
2011;40:860-6.

35. Palm CA, Gachengo CN, Delve RJ, Cadisch G, Giller KE. 
Organic inputs for soil fertility management in tropical agro-
ecosystems: Application of an organic resource database. Agric 
Ecosyst Environ 2000;83:27-42.

36. Leblanc HA, Nygren P, McGraw RL. Green mulch decomposition 
and nitrogen release from leaves of two Inga spp. in an organic 
alley-cropping practice in the humid tropics. Soil Biol Biochem 
2006;38:349-58.

37. Kaizzi KC, Byalebeka J, Wortmann CS, Mamo M. Low input 
approaches for soil fertility management in semiarid eastern 
Uganda. Agron J 2007;99:847-53.

38. Abebe A, Dhyan S, Wassie H. Initial litter chemical indices as 
selection criteria of organic nutrient resources for enhancement 
of soil fertility for smallholder farmers in southern Ethiopia. 
J Agric Sci Technol 2015;5:101-8.

39. Chen JH. The Combined Use of Chemical and Organic Fertilizers 
and/or Biofertilizer for Crop Growth and Soil Fertility. In: 
Proceedings of International Workshop on Sustained Management 
of the Soil- Rhizosphere System for Efficient Crop Production 
and Fertilizer Use. 16 – 20 October 2006, Land Development 
Department, Bangkok 10900 Thailand; 2006. p. 1-11.

40. Araujo AS, Leite LF, Iwata BF, Lira MA, Xavier GR, 



Adelani: Influence of leaf litters of selected nitrogen fixing Albizia trees

 Available at www.aujst.com 117

Figueiredo MV. Microbiological process in agroforestry systems. 
A review. Agron Sustain Dev 2012;32:215-26.

41. Jensen ES, Peoples MB, Boddey RM, Gresshoff PM, Hauggaard-
Nielsen H, Alves BJ, et al. Legumes for mitigation of climate 
change and the provision of feedstock for biofuels and bio 
refineries--a review. Agron Sustain Dev 2012;32:329-64.

42. Nygren P, Fernández MP, Harmand JM, Leblanc HA. Symbiotic 
dinitrogen fixation by trees: An underestimated resource in 
agroforestry systems? Nutr Cycling Agroecosyst 2012;94:123-60.

43. Chazdon R. Tropical forest recovery: Legacies of human 
impact and natural disturbances. Perspect Plant Ecol Evol Syst 
2003;6:51-71.

44. Bala A, Murphy PJ, Osunde AO, Giller KE. Nodulation of tree 
legumes and ecology of their native rhizobial populations in 
tropical soils. Appl Soil Ecol 2003;22:211-23.

45. Sileshi GW, Mafongoya PL, Akinnifesi FK, Phiri E, Chirwa P, 
Beedy T, et al. Agroforestry: Fertilizer trees. In: Van Alfen N, 
editor. Chief. Encyclopedia of Agriculture and Food Systems. 
Vol. 1. San Diego: Elsevier; 2014. p. 222-34.

46. Winrock International. Nitrogen Fixing Tree Species by Use and 
Ecology; 2022. Available from: https://winrock.org/factnet-a-
lasting-impact/fact-net-resources/nitrogen-fixing-tree-species-
by-use-and-ecology [Last accessed on 2022 Jul 30].

47. WAC. Transforming Lives and Landscapes; 2009. Available 
from: https://apps.worldagroforestry.org/treedb/index.
php?keyword=nitrogen_fixing [Last accessed on 2022 Jul 30].

48. Ngoran A, Zakra N, Ballo K, Kouame C, Zapata F, Hofman G, 
et al. Litter decomposition of Acacia auriculiformis Cunn. Ex 
Benth. and Acacia mangium Willd. Under Coconut Trees on 
Quaternary Sandy Soils in Ivory Coast. Biology and Fertility of 
Soils. Vol. 43. United States: ProQuest; 2006. p. 102-6.

49. Mahmood H, Hoque AK. Litter production and decomposition 
in mangrove a review. Indian J For 2008;3:227-38.

50. Triadiati S, Tjitrosemito E, Sundarsono G, Qayim I, Leuschner C. 
Litterfall production and leaf-litter decomposition at natural 
forest and Cacao agroforestry in Central Sulawesi, Indonesia. 
Asian J Biol Sci 2011;4:221-34.

51. Hossain M, Siddique MR, Rahman MS, Hossain MZ, Hasan MM. 
Nutrient dynamics associated with leaf litter decomposition of three 
agroforestry tree species -(Azadirachta indica, Dalbergia sissoo, 
and Melia azedarach) of Bangladesh. J For Res 2011;22:577-82.

52. Park S, Kang-Hyun C. Nutrient leaching from leaf litter of 
emergent macrophyte (Zizania latifolia) and the effects of 
water temperature on the leaching process. Korean J Biol Sci 
2003;7:289-94.

53. Hasanuzzaman M, Mahmood H. Leaflitter decomposition 
and nutrient dynamics association with common horticultural 
cropland agroforest tree species of Bangladesh. Int J For Res 
2014a;2014:1-10.

54. Gaisie E, Sadick A, Agyeman K, Adjei-Gyapong T, Quansah G. 
Leaf decomposition and the nutrients release from multipurpose 
trees for crop production. Int J Sci Res Sci Eng Technol 
2016;2:345-52.

55. Mahmood H, Siddique MR, Abdullah SM, Saha S, Ghosh DC, 
Rahman MS, et al. Nutrient dynamics associated with leaching 
and microbial decomposition of four abundant mangrove 
species leaf litter of the Sundarbans, Bangladesh. Wetlands 
2014;34:439-48.

56. Hasanuzzaman M, Mahmood H. Nutrient return through leaf 

litter decomposition of common cropland agroforest tree species 
of Bangladesh. Int Res J Biol Sci 2014b;3:82-8.

57. Semwal RL, Maikhuri RK, Rao KS, Sen KK, Saxena KG. 
Leaf litter decomposition and nutrient release patterns of six 
multipurpose tree species of Central Himalaya, India. Biomass 
Bioenergy 2003;24:3-11.

58. Mahmood H, Saberi O. Degradation rate of leaf litter of 
Bruguiera parviflora of mangrove forest of Kuala Selangor, 
Malaysia. Indian J For 2005;28:144-9.

59. Ureigho UN, Ekeke BA. Nutrient values of Chrysophyllum 
albidum Linn. African star apple as a domestic income plantation 
species. Afr Res Rev 2010;4:50-6.

60. Bolanle-Ojo OT, Onyekwelu JC. Socio-economic importance 
of Chrysophyllum albidum (G. Don) in rainforest and derived 
savanna ecosystem of Ondo State, Nigeria. Eur J Agric For Res 
2014;2:43-51.

61. Adelani DO, Ariyo OC, Emmanuel JO. Effects of leaflitters of 
selected nitrogen fixing trees on the growth of Citrus tangelo, J.W 
seedlings. J For Res Manag 2020a;17:109-20.

62. Adelani DO, Ariyo OC, Oladele ON, Olumuyiwa SA, 
Ogunsanwo JA, Ademuwagun AA, et al. Growth response of 
Vitellaria paradoxa C.F Gaertn to leaf litters of selected nitrogen 
fixing Acacia trees. J For Res Manag 2021;18:43-55.

63. Adelani DO, Ogunsanwo JA, Awobona TA. Effect of leaf litters 
of selected nitrogen fixing Albizia trees on the growth and yield 
of ginger (Zingiber officinale Roscoe). J Res For Wildl Environ 
2020b;12:1-9.

64. Adelani DO. Effects of Pre-germination treatments and sowing 
depths on early growth of Sesban (Sesbania sesban). Appl Trop 
Agric 2015;20:31-6.

65. Otegbeye GO, Owonubi JJ, Oviasauyi PK. Interspecific Variation 
Growth of Eucalyptus Growing in Northern Nigeria. In: 
Popoola L, Abu JE, Oni PI, editors. Proceedings of 27th Annual 
Conference of the Forestry Association of Nigeria; 2001. p. 12-6.

66. Schmidt L. Guide to Handling Tropical and Subtropical Forest 
Seed. Humlebaek, Denmark: Danida Forest Seed Center, 
Krogerupvej 21; 2000. p. 511.

67. Clifton-Brown JC, Lewandowski I. Water use efficiency and 
biomass partitioning of three different Miscanthus genotypes with 
limited and unlimited water supply. Ann Bot 2000;86:191-200.

68. Umar T, Gwaram AB. Foliar Nutrient Contents of Four 
Indigenous Trees of the Sudan Savanna. In: Popoola L, editors. 
Proceedings of 31st Annual Conference of Forestry Association 
of Nigeria; 2006. p. 131-9.

69. SAS. Statistical Analysis System. SAS Release 9. 1 for Windows. 
Cary, NC, USA: SAS Institute Inc.; 2003.

70. Chotchutima S, Sayan T, KunnKangvan S, Sripichitta P. Effects 
of sulfur and phosphorus application on the growth, biomass 
yield and fuel properties of Leucaena (Leucaena leucocephala 
(Lam.) de Wit.) as bioenergy crop on sandy infertile soil. Agric 
Nat Resour 2016;50:54-9.

71. Uddin MB, Mukul SA, Khan MA, Hossain MK. Effects of 
phosphorous fertilizer on seedlings growth and nodulation 
capabilities of some popular agroforestry tree species of 
Bangladesh. J For Res 2007;18:283-6.

72. Dangi SP, Aryal K, Magar PS, Bhattarai S, Shrestha D, 
Gyawali S, et al. Study on effect of phosphorus on growth and 
flowering of marigold (Tagetes erecta). JOJ Wildl Biodivers 
2019;1:555-71.



Adelani: Influence of leaf litters of selected nitrogen fixing Albizia trees

 Available at www.aujst.com 118

73. Abod SA, Siddiqui MT. Growth response of teak (Tectona 
grandis L.f.) seedlings to nitrogen, phosphorus and potassium 
fertilizers. Pertanika J Trop Agric Sci 2002;25:107-13.

74. Xu L, Fu YP, Bai SB. Effect of different concentration of phosphorus 
on growth and absorption of nitrogen and phosphorus of Alnus 
nepalensis seedling. J Zhejiang For Sci Technol 2008;2:1-4.

75. Fu YP, Xu L, Bai SB, Meng GT, Rong-Pin Q. Alnus nepalensis 
seedling growth with N and P treatments. J Zhejiang For Coll 
2008;25:553-8.

76. Tajer A. What’s the Function of Phosphorus (P) in Plants? 
Available from: https://www.greenwaybiotech.com/blogs/
gardening-articles/whats-the-function-of-phosphorus-p-in-plants 
[Last accessed on 2022 Jul 12].

77. de Andrade FH, Pereira WE, Morais RR, da Silva AF, Neto MA. 
Effect of phosphorus application on substrate and use of saline 
water in sugar-apple seedlings. Pesq Agro Trop 2018;48:190-9.

78. Dias TJ, Pereira WE, Cavalcante LF, Raposo RW, Freire JL. 

Desenvolvimento e qualidade nutricional de mudas de 
mangabeiras cultivadas em substratos contendo fibra de coco e 
adubaç fosfatada. Rev Bras Fruticultura 2009;31:512-23.

79. Lawrence D. Nitrogen and phosphorus enhance growth and 
luxury consumption of four secondary forest tree species in 
Borneo. J Trop Ecol 2001;17:859-69.

80. Wu Z, Li M, Dao C, Zhao B, Xu Y, Liu C, et al. Responses of 
Alnus nepalensis seedling under high phosphorus stress: Shifts in 
photosynthesis and phosphorus contents across different organs. 
IOP Conf Ser Earth Environ Sci 2020;446:032025.

81. Mendonça V, Corrêa FL, Pio R, Rufini JC, Carrijo EP, Ramos JD. 
Superfosfato simples e cloreto de potássio na formação de porta-
enxerto de sapotizeiro (Manilkara zapota (L.) Von Royen). Ciên 
Agro 2007;31:140-6.

82. da Silva MR, Ignacio LA, da Silva GA. Desenvolvimento de 
mudas de maracujá amarelo em função de diferentes doses de 
fósforo reativo. Rev Agron 2017;6:41-50.

This work is licensed under a Creative Commons Attribution Non-Commercial 4.0 
International License. 


